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Description 



NUMERICAL CONTROL APPARATUS 



TECHNICAL FIELD 

The present invention relates to a numerical control 
(hereinafter referred to as an NC) apparatus, and more 
particularly to a processing program for the NC machine tool 
controlled by the NC apparatus and a processing preparation 
operation for checking the tool compensation amount. 

BACKGROUND ART 

The operator who operates the conventional NC apparatus 
performs a trial operation of a processing program using a single 
block and an override at the time of processing immediately 
after completing the set-up of the workpiece and the tool. At 
this time, the operator visually checks whether or not the 
correct tool is mounted in exchanging the tool. Then, when the 
tool approaches the workpiece, the operator once stops the tool 
prior to getting to the workpiece to confirm the residual 
movement amount displayed on the display screen of the NC 
apparatus. Moreover, the operator judges whether or not there 
is any problem with a tool number command (T command) of the 
processing program, a tool compensation number command (D 
number) of the processing program, and a tool offset number 



command (H number) , a set value of the tool compensation amount, 
and a set value of the tool offset . If there is no problem, 
the operator checks the processing program to continue the 
processing. 

However, in the case where a plurality of tools are 
commanded in one processing program, it was required to make 
the above confirmation for all the tools in the order. At this 
time, the operator accustomed to the operation may neglect the 
confirmation for all the tools, and perform the processing by 
mistaking the tool offset or the tool number. Furthermore, the 
tool is struck against the workpiece at the fast feed, damaging 
the bearings of the principal axis, or causing a burn-in of 
the principal axis to lead to a failure or breakage of the machine 
tool in some cases. 

Thus , a method for overcoming this problemmay be employed , 
in which the processing program is divided into every process 
of tool exchange, with the sequence number being attached to 
every divided process, whereby the above confirmation is made 
by searching the sequence number for each process. 

Also, another method may be employed in which an optional 
stop instruction for temporarily suspending the execution of 
program is inserted into every process, and the above 
confirmation is made for each tool while interrupting the 
execution of program. 

However, the method for searching the sequence number 
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for each process had a problem that it took much labor to attach 
the sequence number to the portion to be searched, and further 
search the sequence number. Also, with this method, if the 
processing program for allowing the next tool to be ready at 
the standby position of a magazine in advance by commanding 
the next tool number during the execution of the current process 
in order to shorten the processing time, there was a problem 
that the processing program can not be checked, because the 
tool number is commanded before the location search by the 
sequence number. 

Also, in the method for inserting the optional stop 
instruction into every process, the operator needed to confirm 
the end of each process one by one, and insert the optional 
stop instruction to give rise to a dead time. 

DESCLOSURE OF THE INVENTION 

This invention has been achieved in the light of the 
above-mentioned problems, and it is an object of the invention 
to provide an NC apparatus in which a series of confirmation 
operations for all the tools are enabled using a processing 
program as conventionally made without having limitations on 
fabrication of the processing program. 

In order to accomplish the above object, a numerical 
control apparatus of the invention comprises read skip signal 
input means for commanding to skip execution of instructions 
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up to a desired instruction in a processing program, read skip 
end instruction storing means for storing the desired 
instruction, and read skip means for skipping the execution 
of instructions until the same instruction as stored in the 
read skip end instruction storing means is commanded, if a read 
skip signal is input by the read skip signal input means. 

Therefore, the execution of instructions is skipped up 
to the block where the read skip end instruction is commanded 
by an input of the read skip signal, whereby a series of 
confirmation operations for all the tools are easily performed 
by the input of the read skip signal without having limitations 
on the creation of the processing program, in other words, 
without changing the already created processing program to check 
the processing program. 

For example, if a movement command to the tool exchange 
position is set in the read skip end instruction storing means, 
there is no dead time for adding and searching the sequence 
number . 

Also, the numerical control apparatus of the invention 
further comprises mandatory execution instruction storing 
means for storing an instruction to be necessarily executed 
even when the execution of instructions is skipped, in which 
if a read skip signal is input by the read skip signal input 
means, the read skip means executes the same instruction as 
stored in the mandatory execution instruction storing means, 
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when commanded in the processing program, after the instruction 
being executed in inputting the read skip signal up to commanding 
the same instruction as stored in the read skip end instruction 
storing means . 

Therefore, if a tool number command (T code) is set in 
the mandatory execution instruction storing means , for example , 
the indexing of the tool is executed upon the tool number command 
issued in the skipped processing program, without a problem 
that that check can not be made even for the processing program 
commanding the next tool number during execution of the current 
process to shorten the processing time. 

Also, in this invention, the read skip means executes 
an instruction stored in the read skip end instruction storing 
means when reading the instruction. 

Therefore, if a movement instruction (G30) to the tool 
exchange position is set in the read skip end instruction storing 
means, for example, the movement instruction to the tool exchange 
position is executed immediately after the read skip, whereby 
there is no dead time for checking the next block. 

Also, in this invention, the read skip means judges whether 
or not to stop the block in the next block after the same 
instruction as stored in the read skip end instruction storing 
means is commanded, depending on the presence or absence of 
a block stop outside signal or a block stop parameter setting, 
and when the block stop outside signal or the block stop parameter 
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setting is present, the block is stopped in the next block after 
the same instruction as stored in the read skip end instruction 
storing means is commanded. 

Therefore, the execution of instructions is skipped up 
to the block where the read skip end instruction is commanded, 
and a read skip completed state is selected as any one of a 
block stop state and a continued state, whereby the check is 
more reliable. 

Also, in this invention, the read skip means interrupts 
execution of the block being executed at present, if a read 
skip signal is input by the read skip signal input means. 

Therefore, if a read skip signal is input at a contact 
point between the workpiece and the tool, it is possible to 
confirm up to the contact point between the workpiece and the 
tool, whereby the check is made more correctly. 

Also, in this invention, the read skip means does not 
update the coordinate information while a read skip process 
is being performed, but updates only the modal information. 

Therefore, since the modal information is updated while 
the execution of instructions is skipped up to the block where 
the read skip end instruction is issued by the input of read 
skip signal, it is unnecessary to take into consideration the 
coordination of the modal information, even if the instructions 
are executed halfway on the process after the read skip, whereby 
the block executed subsequently after the end of read skip is 
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checked in the almost same way as in no skipped state. 

Also, in this invention, the read skip means is executed 
after executing a registered processing program if a read skip 
signal is input by the read skip signal input means. 

Also, when the processing program for evacuating the tool 
is registered as the registered processing program, for example, 
it is possible to check the processing program safely by 
executing the process ing program for evacuating the tool without 
causing a mechanical interference. 

Also, in this invention, the read skip end instruction 
storing means has an optional instruction set with a parameter. 

Therefore, the user can set the read skip end instruction 
optionally, whereby the above functions are very easily 
available to the user. 

Moreover, in this invention, the mandatory execution 
instruction storing means has an optional instruction set with 
a parameter. 

Therefore, the user can set the mandatory execution 
instruction optionally, whereby the above functions are very 
easily available to the user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . 1 is a block diagram showing one configuration example 
of an NC apparatus according to an embodiment 1 of the present 
invention. 
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Fig. 2 is a flowchart showing a processing procedure of 
the NC apparatus according to the embodiment 1 of the invention. 

Fig. 3 is a flowchart showing a processing procedure of 
the NC apparatus according to the embodiment 1 of the invention. 

Fig. 4 is a flowchart showing a macro program processing 
procedure of the NC apparatus according to the embodiment 1 
of the invention. 

Fig . 5 is a view showing an example of a processing program 
of the NC apparatus according to the embodiment 1 of the 
invention. 

Fig. 6 is a view showing an example of a macro program 
of the NC apparatus according to the embodiment 1 of the 
invention. 

Fig. 7 is a schematic view of a machine constitution 
according to the embodiment 1 of the invention. 

Fig. 8 is a table showing one example of an NC apparatus 
screen according to the embodiment 1 of the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Embodiment 1 

An embodiment 1 of the present invention will be described 
below with reference to the accompanying drawings . 

To assist an understanding of the embodiment 1 , reference 
is made to an overall configuration block diagram of Fig. 1, 
the processing program examples of Figs. 5 and 6, a schematic 
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view of the machine constitution of Fig. 7 and a configuration 
example of an NC apparatus screen of Fig. 8 to describe a basic 
operation of the embodiment 1. 

Herein, the machine constitution with a machining center 
as shown in Fig. 7 is supposed, and explained using an example 
of skipping instructions from the workpiece contact position 
at position A to the tool exchange position at position B as 
shown in Fig. 7 upon a read skip signal 110 in accordance with 
a processing program 100 of Fig. 5. 

First of all, in a block having the sequence number N010 
as described in the processing program 100 of Fig. 5, a magazine 
as shown in Fig. 7 is rotated beforehand to index the first 
tool. Then, to exchange the tool mounted on the principal axis 
at present for the first tool, the tool is exchanged in a block 
having the sequence number NO 3 0 after the principal axis is 
moved to the tool exchange position in a block having the sequence 
number N02 0. Then, to perform the actual processing, the 
positioning is made in the blocks having the sequence numbers 
N040 and N050, and the processing is started in a block having 
the sequence number N060 . At this time, the operator decelerates 
the feed speed by setting the override value at a small value, 
checks whether or not the actually mounted tool is correct while 
confirming the tool number, compensation amount, and residual 
distance amount on a screen of the NC apparatus as shown in 
Fig . 8 , and judge whether or not the cutting operation is normally 
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performed by visually estimating the contact position with the 
workpiece or the residual movement amount in practice. If the 
operation has any problem, the port ion with problem is corrected, 
and the same operation is performed again. If the operation 
has no problem, a read skip signal 110 is input by pressing 
a button provided on a machine operation panel of the NC control 
machine tool. A read skip end instruction is specified with 
G30 (command for returning to the second, third or fourth 
reference point (original point) as the machine intrinsic 
position via a specified intermediate point) as the parameter 
in advance, which is often employed in the movement to the tool 
exchange position, to skip the instructions up to the block 
having the sequence number N3 0 0 where G3 0 is actually commanded. 
At this time, a tool exchange command (T02) is specified in 
the mandatory execution instruction, whereby the T02 command 
in the block having the sequence number N100 is executed to 
index the second tool. Also, if the block having the sequence 
number N3 0 0 is immediately executed after skipping the 
instructions up to the block having the sequence number N3 00, 
there may be a mechanical interference, because the principal 
axis is still at the contact position with the workpiece. 
Therefore, the processing program 100 for evacuating the tool 
as shown in Fig. 6 is executed immediately after the read skip 
signal 110 is input, so that the tool is evacuated to the safe 
position. Thereby, the blocks following the sequence number 
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N300 after executing the read skip are also performed safely. 

The commands G30 and T02 are requisite for processing 
as shown in Fig. 7, but not issued in the processing program 
to check the processing program such as an optional stop 
instruction (Ml) described in the column of prior art. 

The details for making the control will be described below . 

That is, Fig. 1 is a block diagram showing the overall 
configuration of an NC apparatus according to the embodiment 
1 of the invention. The processing program 100 stored in the 
memory within the NC apparatus 200 is read one block after another 
by a processing program analyzing part 12 0, and analyzed by 
calculating the movement amount and speed . In an interpolation 
processing part 121 for making the interpolation at a certain 
period interval (e.g., 10msec) based on the analyzed information , 
the movement amount per unit time for each axis is output, and 
passed through a servo I/O processing part 109 to the servo 
amplifier, not shown, to drive the servo motor. 

Herein, an instance where the operator inputs a read skip 
signal 110 as an external signal during the execution of the 
block having the sequence number N060 is taken for explanation. 

In the case where it is judged that the read skip signal 
110 is on by read skip signal input means 108 within the 
interpolation processing part 121 that is performed at a regular 
period, the interpolation processing part 121 interrupts the 
block where the interpolation processing is being executed at 
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present , and requests the processing program analyzing part 
120 to analyze the processing program for the next block. Then, 
the processing program analyzing part 12 0 receiving a processing 
program analysis request causes the read skip means 101 to judge 
whether or not the next block is mandatory execution instruction 
(e.g., T command). When the mandatory execution instruction 
such as the block having the sequence number N100 is issued, 
the information for mandatory execution instruction is produced, 
andthe interpolation processingpart 121 is requested to execute 
the mandatory execution instruction. And the interpolation 
processingpart 121 receiving the request executes the mandatory 
execution instruction in accordance with the block information 
of mandatory execution instruction, and requests the processing 
program analyzing part 120 to analyze the processing program 
for the next block again. Then, the processing program analyzing 
part 120 reads the next block again, and if the read skip means 
101 judges that the next block is neither the mandatory execution 
instruction such as the block having the sequence number N110 
nor the read skip end instruction, a modal command managing 
part 103 updates a modal command such as GOO. And the next block 
is read and the processing program analysis processing is 
continued. Also, the processing program analyzing part 120 
creates the block information of read block, and requests the 
interpolation processing part 121 to execute the interpolation 
processing, if the read skip means 101 judges that the read 
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block is the read skip end instruction (e.g. , G30 such as block 
having the sequence number N300). And the interpolation 
processing part 121 checks whether or not a block stop validity 
signal 113 is on, and if it is on, performs the current block 
and transfers to the block stop state. Also, if there is a 
registered macro program number 114 when the read skip signal 
110 is turned on during the execution of the block having the 
sequence number N060, the read skip process may be performed 
after executing the program as shown in Fig. 5 and evacuating 
the tool. 

Referring to a flowchart of Figs. 2 and 3, a processing 
procedure of the embodiment 1 will be described. In the 
interpolation processing part 105 in which the processing is 
repeated at a regular interval (e.g., every 10msec), it is 
discriminated whether or not the read skip signal 110 as the 
external signal is turned on (step S100 ) . If the read skip signal 
110 is on, a read skip start flag 111 is turned on (step S110), 
and a macro program processing as will be described later is 
performed (step S400). If the read skip signal 110 is off, the 
previous processing is not executed, and the current block is 
performed (step S150). Then, it is discriminated whether or 
not the read skip start flag 111 is on (step S120) . If the read 
skip start flag 111 is on, it is discriminated whether or not 
the current block is the read skip end instruction stored in 
the read skip end instruction storing means 105 (step S130). 
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Herein, if the current block is the read skip end instruction, 
the read skip start flag 111 is turned off (step S170). 
Subsequently , a read skip end flag 112 is turned on (step S180) . 
Also, if the current block is not the read skip end instruction, 
it is discriminated whether or not the current block is the 
mandatory execution instruction stored in the mandatory 
execution instruction storing means 104 (step S140). Herein, 
if the current block is the mandatory execution instruction, 
the current block is performed (stepS150). Also, if the current 
block is not the mandatory execution instruction, the current 
block is not performed, and the operation transfers to the next 
step. And at the next step, the modal information is updated 
by the current block (step S160). Then, it is discriminated 
whether or not the read skip end flag 112 is on (step S190). 
Herein, if the read skip end flag 112 is off, the operation 
returns to the top of the flowchart. Also, if the read skip 
end flag 112 is on, it is discriminated whether or not a block 
stop validity signal 113 is on (step S200 ) . Herein, if the block 
stop validity signal 113 is on, the block stop processing is 
performed ( step S2 10 ) . However, if the block stop validity signal 
113 is off, the block stop processing is skipped. Finally, the 
read skip end flag 112 is turned off and the operation is ended. 

Referring now to a flowchart of Fig. 4, a macro program 
processing (step S400) of the flowchart as shown in Fig. 2 will 
be described. This macro program is employed when the tool is 
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evacuated safely after executing the read skip, in which a macro 
program number 114 is registered in the parameter area. Herein, 
if it is discriminated whether or not the macro program number 
114 is registered in the parameter area (step S300). Of the 
macro program number 114 is not registered, none is performed 
and the operation is ended. If the macro program number 114 
is registered (step S310), it is discriminated whether or not 
the read block exists (step S320). If the read block does not 
exist, the operation is ended. Herein, if the block exists in 
the macro program, the block information is created ( step S330 ) , 
and the interpolation processing is performed (step S340) . And 
the servo I/O processing is performed (step S350) , and the next 
block is read again (step S310). 

In this manner, in this embodiment 1, when the read skip 
signal 110 is input, the blocks are skipped until the read skip 
end instruction is issued. Thereby, it will be found that a 
series of confirmation operations for all the tools are easily 
made without having 1 imitations on the creation of the process ing 
program. 
Embodiment 2 

In the previous description, the block stop operation 
is switched by employing the block stop validity signal 113. 
However, the block stop operation may be switched by employing 
the parameter, instead of the signal. 

Also, in the previous description, the read skip end 
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instruction is G3 0 command. However, when the macro is set to 
make a series of tool exchange operations by other commands, 
for example, T command, it may be changed to T command, whereby 
the same effects can be attained . As the read skip end instruction , 
a plurality of different commands may be registered 
collectively . 

Also, in the previous description, the mandatory 
execution instruction is made using the tool number command 
(T) . However, it may be changed to other commands, for example, 
the M command for pallet change, whereby the same effects can 
be attained. Also, as the mandatory execution instruction, a 
plurality of different commands may be registered collectively . 

Moreover, when it is desired to register a plurality of 
tool number commands Tl , T2, T3 , as the mandatory execution 
instruction, they are not registered individually (by 
specifying Tl , T2 , T3 , . . ) , but T may be only registered , thereby 
executing the tool number commands such as Tl, T2 , T3 , ... 

INDUSTRIAL APPLICABILITY 

As described above, the numerical control apparatus 
according to the invention is suitably employed to perform the 
processing preparation operation for checking the processing 
program for the NC machine tool and the tool compensation amount . 
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